Statistical Analysis
The pre-and posttreatment VAS results were analyzed using the Student t-test. Probability values less than 0.05 were considered statistically significant.
RESULTS
The mean VAS pain score was 9.3 before and 1.8 after treatment (p Ͻ 0.001). Pain relief was noticed within 24 hours of the procedure, and narcotic drug intake was decreased or eliminated in all patients. Vertebral biopsy samples were negative for malignancy in all cases. There were no infections or other complications of the procedure. There was one instance of clinically insignificant extraosseous cement extravasation. Sagittal alignment was improved by 5˚ in one patient and was unchanged in the remaining five.
In one patient who was initially treated for a T-8 compression fracture, a new fracture developed at T-7 1 month after the T-8 kyphoplasty. He underwent a kyphoplasty at T-7 and has subsequently done well.
ILLUSTRATIVE CASE
This 66-year-old man underwent liver transplantation and prednisone therapy was started at that time. Seven months later, he experienced recurrent liver failure and required a second transplant. At the same time, he noted acute, severe back pain with a VAS pain score of 9. An MR image of the thoracic and lumbar spine revealed VCFs at T-11, T-12, and L-1. There was edema in the T-11 and L-1 VBs, indicating that these were acute fractures. There was no edema in the T-12 VB, indicating this was most likely a chronic fracture that would not benefit from augmentation ( Fig. 1) . Balloon kyphoplasty was performed at T-11 and L-1 by using a bilateral approach at each level. Methyl methacrylate volumes were 8.5 ml at T-11 and 10.5 ml at L-1. Postoperatively, the patient reported immediate pain relief, with the VAS pain score decreasing to 2. Follow-up radiographs show MMA deposition in the T-11 and L-1 VBs (Fig. 2) .
DISCUSSION

Kyphoplasty Procedure
Balloon kyphoplasty is a method of vertebral augmentation that has been shown to be an effective treatment of VCF. Garfin, et al., 6 have documented a 95% improvement in pain and a significant improvement in function after treatment with this procedure. In some cases, kyphoplasty is able to increase the height of the fractured VB and decrease kyphosis, which helps to relieve back pain by improving sagittal alignment. 17 This procedure is safe, but not completely risk free. There is a potential for spinal cord or nerve root compression due to extravasation of MMA, pulmonary embolism from MMA, and infection. 5 The reported complication rate is 0.7% per fracture and 1.2% per patient. 23 The procedure may not be technically feasible if the vertebra is compressed too severely (vertebra plana).
Findings in the Present Study
In this study we have shown that kyphoplasty can be performed safely in organ transplant recipients, with results that are just as favorable as those obtained in other patients with osteoporotic VCFs. Infection is a potential concern when an immunocompromised patient undergoes an invasive procedure that involves placement of a foreign body in the spine; however, there were no infectious complications observed in this series.
A small amount of asymptomatic cement extravasation was seen at one of 13 treated levels (7.7%). These data are consistent with the findings of Lieberman, et al., 10 who reported a 9% incidence of cement extravasation, usually with no clinical sequelae. One patient suffered a new VCF adjacent to a previously treated level. This is not unique to the subgroup of transplant recipients, but rather is a known complication of kyphoplasty in the general population of patients with VCF. 24 Other investigators have reported a greater improvement in sagittal alignment than we obtained in this series. For example, Phillips, et al., 17 reported that 58% of patients treated with kyphoplasty experienced a kyphosis correction of greater than 5˚. The reasons for this difference are unclear. It does not appear that the anatomical characteristics of VCFs in transplant recipients are inherently different from typical osteoporotic VCFs. It may be that in our series these lesions were treated later in their clinical course or somewhat less aggressively than those in other series. Further study of this issue will be required.
Metabolic Bone Disease in Liver Transplant Recipients
Regardless of its origin, all patients with end-stage liver disease are at risk for hepatic osteodystrophy, defined as osteopenia/osteoporosis. 4, 8, 20 The pathogenesis of this bone disease in these patients is multifactorial. 21 End-stage liver disease (especially cholestatic disease such as primary biliary cirrhosis, primary sclerosing cholangitis, and autoimmune disorders) is strongly associated with selective impairment of osteoblast (bone-forming cell) activity, predisposing patients with liver disease to a high turnover of bone metabolism and an increased loss of bone mass. 11 Accelerated bone loss increases the risk for osteoporotic fractures and avascular necrosis. 2 The incidence of fractures is reported to range from 24 to 65%, with the highest incidence occurring in women with primary biliary cirrhosis. The greatest risk factors for the development of bone disease posttransplantation are the bone quality and density prior to transplantation and the immunosuppressive regimens that patients must endure.
In most patients with liver disease, the combination of glucocorticoids and calcineurin phosphate inhibitors, for example, cyclosporine and tacrolimus, have marked deleterious osteoporotic effects on the skeleton. Glucocorticoids exert their deleterious effect on bone primarily by the suppression of osteoblasts and the activation of osteoclasts (bone-resorbing cells). 1, 4 Other effects of glucocorticoids that contribute to the net loss of bone include reduction of gonadal function, reduction of calcium absorption, increase in urinary calcium excretion, and an increase in parathyroid hormone. Glucocorticoid-induced bone loss is related to both dose and duration of therapy. 7, 16 The most significant period of bone loss in organ recipients is within the first 6 months posttransplantation. Bone resorption and formation are usually linked so that they occur in close sequence and remain balanced. An imbalance in the bone remodeling cycle causes bone loss that eventually leads to osteoporosis and fracture risk. 12 Trabecular bone of the spine appears to be most at risk, with vertebral fractures occurring most often. 20 In previous studies conducted in liver transplant recipients, the median lumbar bone mineral density was shown to decrease 4.5% during the first 3 months posttransplantation. 12 Fracture rates ranged between 24 and 65% in the 1st year posttransplantation, but were especially high within the first 6 months. [3] [4] [5] 20 Neurosurg. Focus / Volume 18 / March, 2005 Balloon kyphoplasty for VCFs in organ transplant recipients There are limited data regarding the prevalence of bone complications in patients undergoing liver transplantation as well as the treatment of osteopenia/osteoporosis in this population. [13] [14] [15] 18, 20 The presence of bone fractures in this population indicates substantial bone loss. Medical treatment with bisphosphonates, calcium, and vitamin D is important to prevent or at least to decrease further bone loss. New therapies are needed in this patient population to improve the rate of complications of osteoporosis, such as back pain, and to improve the overall quality of life.
CONCLUSIONS
Experience with this small group of patients indicates that balloon kyphoplasty is a safe and effective treatment for VCFs that occur in organ transplant recipients.
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